Since the first description of a vascular malformation of the brain by Luschka in 1854, the presentation and progression of these congenital anomalies, and their surgical treatment, have been under continuous study. The first surgical exposure of such a lesion was performed by Giordano in 1890, but logical treatment depends on angiographic evaluation of the malformation, and modern surgery has evolved from the classical work of Bergstrand et al. (1936) .
In 1948 Olivecrona and Riives published a detailed report of 60 patients, in which they stated that angiograms always disclosed the presence of an arteriovenous malformation (AVM), and implied that this was the ultimate diagnostic test. However, Crawford and Russell (1956) challenged this statement by describing AVMs which appeared as avascular masses in two patients. In all, 27 AVMs without angiographically demonstrable circulation have been described up to the present (Table 1) . We present a further six cases, recently investigated, all of which showed focal high attenuation lesions on computed tomography (CAT).
Case studies
The relevant clinical abnormalities and the findings on special studies are summarised in Table 2 . There were four women and two men aged between 24 and 55 years (mean 40 yr). Two had temporal lobe seizures, two Jacksonian fits and a minor degree of hemiparesis, and one severe headaches alone. The sixth patient presented acutely with an intracerebral haematoma. (Fig. 1) , but no pathological vessels were outlined in any of the angiograms. There was focal increase in the uptake of 99"'Tc in case 6, but gamma scans calcification (Fig. 3) . In case 3 (Fig. 5 ) who had bled three weeks previously, a typical intracerebral haematoma was shown. Computed tomography was repeated in all cases after intravenous contrast medium, and enhancement occurred in five of them. In two cases, part of the enhanced shadow had a curvilinear form; in case 3 it extended well outside, and also into the haematoma (Fig. 5) . Mass effect was present in case 3, and to a minor extent in cases 5 and 6; there was atrophy in case 4 and intracerebral cystic change in case 6.
Histology confirmed the AVM in every case. With the exception of case 3, the vessels of the AVM were occluded by thrombus, which was presumably the cause of non-filling at the time of angiography. 
Results of surgery
In case 1, concentration and memory were improved by operation although there was some postoperative paresis affecting the left arm. In case 2 a biopsy only was performed, with no effect on the temporal lobe fits. In case 3 there was no neurological deficit after surgery, and the patient returned to work as a boiler engineer.
In case 4 the focal fits ceased after the operation. There is enhancement around the haematoma with serpiginous components extending towards the convexity.
The appearances strongly suggest an angiomatous malformation adjacent to the haematoma. The A VM did not fill at angiography but its presence was confirmed at operation and by histological examination of sections of the wall of the haematoma cavity.
(1 ) A ngiographically occult arteriovenous malformations of the brain An AVM, particularly if very small, may be destroyed by haemorrhage or may fail to outline because of compression by adjacent clot, as was evident in case 3. It is known that malformations can thrombose spontaneously and apparently disappear on angiography (Conforti, 1971) . Partial spontaneous thrombosis was first documented in 1949 by Norlen, and if extensive, will diminish the flow and prevent the vessels filling with sufficient contrast medium to appear radiopaque. Kramer and Wing (1977) suggested that CAT could detect these small concentrations of contrast medium, but extravasation of contrast medium into damaged tissues also contributes to the enhancement shown by a proportion of these lesions. The occluding thrombus may organise and form connective tissue (Paterson and McKissock, 1956) , as occurred in our case 6.
Plain skull radiographs show abnormal calcification related to an AVM in 15% (Houdart and Le Besnerais, 1963) to 29.5% (Rumbaugh and Potts, 1966) of cases. It can be in the walls of the abnormal vessels or in the adjacent brain. Although it is detected by CAT when present at lower concentrations, its structure is better defined on plain radiography. A curvilinear form, suggesting blood vessels, is most typical of AVM, but a nodular form is more frequent and is helpful when related to a subarachnoid or intracerebral haemorrhage (Hayward, 1976) .
Despite the enthusiastic report of Tinterov (1969) , isotope scanning has consistently shown only large or superficial AVMs; about 40% of those under 20 mm in diameter are not revealed (Planiol and Akerman, 1965; Waltimo et al., 1973) even in optimum conditions. The more specific features of isotope scanning in AVMs reflect the increased blood flow and would clearly be absent in the subgroup under discussion. Electroencephalography usually provides supporting evidence of an organic lesion, but is nonspecific.
Computed tomography revealed a lesion in all cases and often suggested its nature. Kendall and Claveria (1976) (Kendall and Radu, 1978) . Earlier or more extensive enhancement should suggest an underlying angioma or tumour. Kramer and Wing (1977) , and more recently Golden and Kramer (1978) , reported similarities in the CAT appearances of angiographically avascular AVMs and tumours. Cases 2 and 6 in our series could not be recognised as AVMs before surgery and, although the diagnosis was suspected in the other cases, surgery was necessary for the confirmation and treatment of the lesion.
Histological examination of each operative specimen demonstrated an AVM with vessels of varying calibre. Their walls tended to be degenerate and fibrosed, with dystrophic calcification and no elastic lamina. The surrounding brain was oedematous, showed gliosis, and contained haemosiderin and an infiltrate of mononuclear cells. Preoperative thrombosis was evident within the lumina in all except case 3, and was organising in case 6. Surgical exposure is usually necessary to confirm the diagnosis and can be followed by excision in suitable cases. Excision was achieved in four of our cases, a formal temporal lobectomy being carried out in case 5 where the lesion lay medially.
